Over a century of research on between-person differences has resulted in the consensus that human cognitive abilities are hierarchically organized, with a general factor, termed general intelligence or "g," uppermost. Surprisingly, it is unknown whether this body of evidence is informative about how cognition is structured within individuals. Using data from 101 young adults performing nine cognitive tasks on 100 occasions distributed over six months, we find that the structures of individuals' cognitive abilities vary among each other, and deviate greatly from the modal between-person structure. Working memory contributes the largest share of common variance to both between-and within-person structures, but the g factor is much less prominent within than between persons. We conclude that between-person structures of cognitive abilities cannot serve as a surrogate for within-person structures. To reveal the development and organization of human intelligence, individuals need to be studied over time.
158 All three comparison tasks were scored by dividing the number of correct responses by the total 159 response time (in seconds) and multiplying this quotient by 60 (i.e., creating a score of correct 160 responses per minute). To reduce the influence of outliers, scores above 100 were set to missing 161 (0.5% of the observed data). 162 Episodic memory tasks. 163  Verbal episodic memory: Word Lists. Lists of 36 nouns were presented sequentially with 164 PTs of 1000, 2000, or 4000 ms, and an interstimulus interval (ISI) of 1000 ms. Word lists 165 were assembled so as to balance word frequency, word length, emotional valence, and 166 imageability across lists. After presentation, words had to be recalled in the correct order 167 by entering the first three letters of each word using the keyboard. Two blocks were To evaluate the validity of our tasks for the assessment of cognitive 222 abilities, we made use of an established paper-and-pencil intelligence test battery, the Berlin 223 Intelligence Structure (BIS) Test (Jäger, Süß, & Beauducel, 1997), which included the cognitive 224 ability factors of perceptual speed, episodic memory, and reasoning (used here as the criterion 225 ability for working memory). 226 For the perceptual speed tasks, the latent correlation with BIS factor at pretest was .58, while the 227 correlations with reasoning and episodic memory in the BIS were .25. At posttest, the correlation 228 with perceptual speed in the BIS significantly decreased to .28, whereas the correlations to 229 reasoning and episodic memory did not differ significantly (Table 1) . For the working memory 230 tasks, the latent correlations with reasoning ranged from .82 to .96 at pretest (for the different 231 presentation times), and decreased to .50-.68 at posttest, with differences being significant for 232 the two slower presentation time conditions. The correlations with perceptual speed and episodic 233 memory in the BIS did not differ significantly between pretest and posttest (Table 2 ). For our 234 EM tasks at pretest, the latent correlations with the BIS episodic memory factor ranged from .76 235 to .82 and were lower for reasoning (.51-.54) and for perceptual speed (.51-.52). At posttest, 236 none of the correlations differed significantly from the correlations at pretest (Table 3) . In sum, 
Statistical testing with KL divergences. To establish that the differences of the within-person 256 correlation matrices from each other and from the between-person centroid are significant, a null 257 distribution was sampled, and the actual divergences were compared to this distribution. We 258 simulated the same data structure as that of the actual data, namely, 101 data lines with nine 259 tasks, under the null hypothesis that the underlying correlation matrix is the same for all 260 participants, that is, either the within-person centroid or the between-person centroid. The 261 average symmetrical KL divergence in the simulated data was computed for each of 10,000 262 trials, either the KL divergence of all within-person pairs or the distance from each within-person 263 pair to the between-person centroid, respectively. The actual average symmetrical KL divergence 264 was then compared to this distribution. If, for example, the actual average symmetrical KL 265 divergence is within the highest 5% of the simulated trials, this indicates a significant rejection of 266 the null hypothesis with α = 5%. 267 Multidimensional scaling (MDS). To illustrate the distance between within-person and 268 between-person correlation matrices, KL divergences were embedded in a lower-dimensional 269 space that preserves the maximal precision of the pairwise differences using MDS (Torgerson, 270 1958). MDS finds a vector of coordinates for every correlation matrix such that the Euclidean 271 distances between pairs of vectors are closest to the KL distances of the correlation matrices. A 272 property of MDS is that a solution for fewer dimensions is a projection from the solutions for 273 more dimensions, that is, the coordinates of the first dimensions are always the same for any 274 number of dimensions in the MDS. A plot of the first two coordinates is read as an illustration of 275 the distances of the covariance matrices. The MDS was computed using an algorithm that is part 276 of the Onyx SEM software system backend (von Oertzen et al., 2015).
277 Hierarchical factor models of centroid correlation matrices. Centroid correlation matrices 278 based on the between-person and the raw or de-trended within-person data were calculated as the 279 component-wise average of all correlation matrices. These correlation matrices were then 280 submitted to confirmatory factor models (using SAS PROC CALIS) imposing a hierarchical 281 structure, with tasks loading on three ability factors (i.e., perceptual speed, working memory, and 282 episodic memory) that loaded on a general factor (thereby forming a saturated second-order 283 factor sub-model). For the between-person correlation matrix, this resulted in very good model 284 fit ( 2 [24] = 20.77, p = .998; Root Mean Squared Error of Approximation (RMSEA) = .00; CFI) 285 = 1.00; Standardized Root Mean Squared Residual (SRMR) = .06). Standardized factor loadings 286 ranged from .60 to 1.00 for the perceptual speed tasks', from .52 to .84 for the episodic memory 287 tasks', and from .46 to .50 for the working memory tasks' loading on the respective ability 288 factors. The ability factors' loadings on the general factor were .27 for perceptual speed, .54 for 289 episodic memory, and 1.00 for working memory. 290 For the centroid within-person correlation matrix of raw data, model fit was also very good 291 ( 2 [24] = 9.03, p = 1.00; RMSEA = .00; CFI = 1.00; SRMR = .04). However, as the number of 292 independent observations for the average within-person correlation matrix is unknown due to 293 possible autocorrelations of the repeated assessments, the fit indices based on  2 (RMSEA and 294 CFI) for this, and the analysis of de-trended data below, need to be interpreted with caution. 295 Standardized factor loadings ranged from .71 to .78 for the perceptual speed tasks, from .46 to 296 .53 for the episodic memory tasks, and from .54 to .65 for the working memory tasks loading on 297 the respective ability factors. The ability factors' loadings on the general factor were .55 for 298 perceptual speed, .71 for episodic memory, and 1.00 for working memory. 299 For the centroid within-person correlation matrix of raw data, model fit was again very good 300 ( 2 [24] = .90, p = 1.00; RMSEA = .00; CFI = 1.00; SRMR = .02). Standardized factor loadings 301 ranged from .44 to .63 for the perceptual speed tasks', from .31 to .46 for the episodic memory 302 tasks', and from .16 to .44 for the working memory tasks' loading on the respective ability 303 factors. The ability factors' loadings on the general factor were -.06 for perceptual speed, .82 for 304 episodic memory, and 1.00 for working memory. In other words, while there were only very 305 small amounts of shared variance among the working memory tasks, the common variance was 306 strongly shared with the episodic memory tasks once variance due to longer-term trends was 307 taken out. , and the fact that they are much better suited for repeated 318 assessment across 100 occasions than typical reasoning tasks. Latent factor correlations with 319 ability factors from an established paper-and-pencil test of intelligence showed that the ability 320 factors of the practiced tasks show patterns of good convergent and discriminant validity at 321 pretest, which do shift to some degree at posttest (see Method: Validity of the tasks, for details). 322 Presentation times of episodic memory and working memory tasks were individually adjusted 323 based on pretest performance to avoid floor or ceiling effects, and then kept constant throughout 324 the daily testing occasions. At pretest and posttest, participants worked on all tasks under all 325 possible presentation time conditions, providing reliable measurements of between-person 326 correlation structures that correspond to each of the presentation time constellations of the 327 within-person covariance structures. That is, for each individual pattern of presentation time 328 conditions of the 101 participants, the corresponding presentation time conditions from the 329 pretest (or posttest) data could be picked to compute a between-person correlation matrix that 330 matches the presentation times of this participant's within-person data. As the correlations with 331 the abilities of the paper-and-pencil intelligence test did change from pretest to posttest, we 332 included both, the between-person structures from pretest and from posttest, into the analysis to 333 be able to evaluate the between/within differences in relation to the changes of the between-334 person structures. 335 For all unique comparisons of the resulting 202 between-person (101 from pretest and 101 from 336 posttest) and 202 within-person correlation matrices (101 based on raw data and 101 based on 337 de-trended data), a total of 163,216 KL divergences were calculated. These distance measures 338 were then submitted to MDS to represent the relative distance of the within-person matrices to 339 the between-person matrices, and of the within-person matrices (or between-person matrices) to 340 each other in a low-dimensional space (Fig. 1) . 341 We found that within-person structures based on raw data differed reliably from the 342 corresponding between-person structures from pretest (average KL divergence = 5.90; p < .001; 343 for information on how p values were determined, see Data analysis: Statistical testing with KL 344 divergences), and among each other (average KL divergence = 6.84; p < .001; SD Dimension 1 = 345 3.66; SD Dimension 2 = 1.81). When within-person data were first de-trended to account for longer-346 term trends such as practice-related improvements (for details, see Data analysis: De-trending), 347 within-and between-person structures from pretest did show no overlap at all ( Fig. 1 ; difference 348 between within-and between-person structures from pretest: average KL divergence = 5.67; p < 349 .001; differences among within-person structures for de-trended data: average KL divergence = 350 3.01; p < .001; SD Dimension 1 = 2.57; SD Dimension 2 = 2.14). For raw data, MDS Dimension 1 351 (horizontal) correlated strongly with the magnitude of the first eigenvalue of the within-person 352 correlation structures (r = -.78; p < .001). For de-trended data, MDS Dimension 1 even fully 353 separated all within-from all between-person structures and was again strongly correlated with 354 the first eigenvalue of the within-person structures (r = -.59; p < .001). Together, this indicates 355 that the size of the differences between within-and between-person structures was associated 356 with the degree to which longer-term changes (that are likely to reflect practice-related Table 2 Correlations of the working memory factor to ability factors of the Berlin Intelligence Structure Test.
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